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versus s own customers. when facilities to serve such requests are not immediately available. Whether
or not the Company's policies with respect to provisioning of DS1/DS3 UNE loops when faciliues are
nor mediately availablewould ctherwise comply Wil federal and state law, that unequal and
discnrmunatony conduct clearly violates the FCC's non-discriminatory standard for provision of UNEs.
On thar basis. the Comssion should not find Verizon DC to comply with Checkiist Items 4 and & until

this situation is recufied.

33 Paragraphs 174-200 of the Checklist Declaration address Verizon's teatnent of
CLEC orders for DSI and DS3 UNE loops and interoffice transport. The Declaration notes that
“Venzon DC offers access to unbundled high capacity loops. inciuding DS-1s, DS-3s and other
specialh desyemed digntal loops in the same manner as in Verizon NY ,Verizon MA. Verizon NJ. and
\enizon P47 Relanve to DS1/DS3 unbundled loops. the Checklist Declaration refers to the
\ enzon-wige policy set forth n a July 24, 2001 Venzon lener issued to CLECs on a Verizon-wide
nust- wnicn nas ken reproduced in Atachment 20% to the Checklist Declaration.*®  The lener states

tha!

v Checkhst Declaration. at para 171

40 /. .atpara 175 This lener was also posted on Venzon's website as part of its Verizon East
winoiesate sences resources. and was accessible at hep://128.11.40.24 1 /east/wholesale
resources cieo_01 67_24.hum. Venzon does not cite to the same lener when discussing its DS1/DS3
unpund:ied |OF obligations (See:d.. at para 19%). but the lener refers to both loops and ICF and the
poiicy ciearts encompasses both rvpes of facibues
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In compliance with its obligations under applicable law. Verizon will provide
unbundled DS and DS3 facilinies (loops ar BOF)o requesting CLECS where
exsung facilities are current!v available. Conversely, Verizon is not obligated te
construct new Unbundled Network Etements where such network facilities
have nor already been deployed for Verizon's use m providing service to its
wholesale and retail customers.

The letier goes on to state the following:

Moreover. although Verizon has no legal obligation to add DS1/DS3
electronics to available wire or fiber fecilities to fill a CLEC order for an
unbundled DS1/DS3 network element Verizon's practice s to fill
CLEC orders for unbundled DSI/DS3 network elements as long as the
central office common equipment and equipment at the end user’s
location necessary to create a DS1/DS3 facility canbe accessed.
However. Verizon will reject an order for an unbundled DS1/DS3
nerwork element where (i) it does nor have rhe common equipment
tn rhe cenrral office. at rhe end user’s location, or outsidepiant
tactlin needed to provide a DS1/DS3 nerwork element. or (ii) there
v no available wire or fiber facilin berween the central office and

The enad User

T penct appears to lead to @ significant number of orders that are rejected forreason of lack of

aaizhic tesibies For example. Venzon admutted in its parallel Maryland Section 271 proceeding that

©nas demiee ~ome 13% of CLEC requests for DS1/DS3 orders for lack ofavailable facilities *!

<. Niarviand PSC Case No 8921, Venzon-Marvland Response to Allegiance Teiecom of

Niemiand Dawa Request No. 2-5 states thar 173 UNE DSts out of 1330 requests (13%) have been
s e, 10T 0o tacintes [siC] i Marvland from Jan ‘02 through June '02."
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1tz competytors. Even if a CLEC can eventually obtain a DS1/DS3 service under Venzon's specia!
access taff. the CLEC has suffered significant competitive disadvantage because: (1)the CLECs
onginal service request has been denied: (2) it must enter a new service request, so that the “clock™ on
service fulfillment is restarted (meanimng that the end user is subjected to additional delay of service);(3)
the senice. when provided under the special access tariff, will be subject to different terms and
condibons and different. hugher charges then would otherwise apply to a UNE facility. In contrast.
Venzon's retail customer is not required to obtain service from the special access tariffs and thus is
insulated from these consequences. For a recourse to Verizon's special access tariffs not to constitute
anti-competiive. diserimunatory conduct. it would have to apply equally to the Company's own retail

custorners. as well as CLECSs. wn precisely the same conditions.” "

o Based on thus evidence.the Comssion should find that Vernon's current provisiomung
P xi-:przctices lor DSIDS3 nerwork elements are discnminatory and anti-competitive. and
< oree e Company io change em  Specifically. the Comssion should require Venzon to
cease rewecuny CLEC orden for unbundled DS 1/DS3 loops in cases when facilities are nor
tmmeduatel. asaidable, and mead comrmut o fulfilling those service requests m precisely the same
mannwr inciuding coordination wath network constuction plans). and Within the same provisioning

Imteroae, as the Company routinely applies to reta:) orders for DS1/DS3 loops. In order to monitor

=1 course. end users will be bener served if service requests from neither CLECs nor Verizon's

=t customers are rejected due o lack of facilitiesand instead provisioning in those cases is
-orainated with factiines constwuction 1 the same. non-discrmunatory manner for both types of orders.
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Venzon's periormance in this regard the Commission should also orderthe Company to wack all
orders (separateiy for retail versus wholesale) for DS1/DS3 network elernents for which facilites are
mnitiallv not available. recording (1) the date on which the determination that facilines are not available
was mad. (2) the specificremedy proposed by the Company, inctuding new construction tmggeraed by
or coordinated with the service request. (3)the revised due date for service installation. and (4) the
actual dare on which service :s tutiated. Uil these steps have been taken and there is a clear
demonstation that Verizon DC has recuified this situation, the Comrmussion should not find Venzon DC
lo comply with Checklist Items 4 and 5. Implementing thiS recommendation Will help to ensure that
CLECs are gulv afforded a "meaningfi oppormunity to compete™ in the District's marketplace for digital

DSI D52 senvices
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CONCLUSION AND RECOMMENDATIONS

37, For the reasons set forth in detail in thas affidavit. I recornmend that the Commission

withhold approval of Venzon DC's request for a Commission finding that 1t is in full compliance with the

' i

Section 27 1ic)(2)(B) checklist until the following additonal steps have been taken:

ChecKklist Item 2 Venzon DC'’s currently-applied “interim™ UNE rates are more tren
five vears old and fail to take mto account the declining cost trends that VVenzon DC has
experienced over that ume Thus, those rates are not TELRIC-compliant and pose a
barner to compentive entry Before finding Venzon DC to comply with Checklist ltem
2 the Comssion must establish permanent. cost-based. UNE rates for Venzon DC

thar are comphant with the FCC-presenbed TELRIC methodology

Checkbst hem 2 The Compans should affirmativelv demonstrate that its
ExpressTRAK OSS system is functioning with a munumum Of errors and 1s rendering

w holesale bills in an accurate manner 1n the District  In addition, the Cormnmission
should work with Verizon DC and other interested parties to devise alternative memes
tor wholesale billing performance 1o ensure that CLECs obtain ttmely and accurate

wholesale bitls in the furure

Checkbst tem 4 The Comssion should requre Venzon DC to submut PR-2 and
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PR-3 memc data for more recent months that affirmanveis demonstrates that \ enzon
DC s d ati o nperformance for non-dispatched orders of 1-5 lines 1s not

discriminating against CLECS 1n favor of its own retail customers

Checklist Items 4 and 5: Verizon DC should be required to amend wn the manner

-
)l

described above. 1ts construction policy and practices for the provisicning of DS1/DS
unbundled loops and interoffice wansport when facilities are not umrmediately available.
so that 1t no longer discriminates agawmnst CLECs in favor of its retail customers The
Commussion should not find Venzon DC to comply with Checklist Items 4 and 5 untl
morytonng 1s tn place and there has been a clear demonstration that Verizon DC has

rectified this simuaton..

Thus concludes my afhdava
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PUBLIC SERVICE COMMISSION
OF THE DISTRICT OF COLUMBIA

In the Matter of Verizon Washington.

D C Inc s Compliance With the
Conditions Established in Section 271 of
the Federal Telecommunications Act of

1996

Formal Case No. 1011

CONINIONWEALTH OF MASSACHUSETTS )

' UTv OF SUFFOLK )
AFFIDAVIT OF SCOTT C. LUNDQUIST

~ 07T O LUNDQUIST. of lawful age. ceniftes as follows:

| am \iece President of Economics and Technology (ETI), Two Center Plaza, Suite
<+ beston Aassachuserts 02108. | am aurhonzed 1o verify the statements contained in the
coemrs Arnidavie prepared by me on behalfofthe Office of People's Counsel of the Distnct of

[

The foregoing Affidavit identified as OPC Exhibit B in FC 101 1 was prepared
i mereview of the tesimony beng proffered by Verizon Washington. D . Cin support
\roricanon tor authorty. pursuant to Section 271 of the Telecommunications Act of 1996
© o a7 enter throin-region long distance market in the District of Columbia, and

1
v

el partinent documents



| certify that the foregoing statements made by me are true and correct to the best of m
knowledge. information and belief | am aware that if any Of the foregoing statements made p
me are willfully false. | am subject to punishment

ALY

Scott C. Lupﬁc{uist

Subscribed and sw om to before me this =~ dav of September. 2002

. - !
2o ine 1T UL Annpms
Notar. Public

My commussion expires 3/3. /o¢
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SCOTT C. LUNDQUIST

Scon C. Lutpist is a Vice President at ETI, where he perforns strategic and regulatory
analvsis. project management. and clent support services for ETI's consuking projects in
telecommurucations regulation and economics. SINCe joining ETI in 1986. Mr. Lundqust has
conmbuted to a broad range of telecommunications consulting projects. including work N the
areas of cosung au interconnection. mmplemeraton Of competition policies. alternative
reculation. network modemization and productivity, and rate design.  Mr. Lundquist holds a
B.A. from Harvard College in Psychology and Social Relatons.

Mr Lundqust has managed or participated m over seventy major projects concerrung tariff
andror cost analysis. rate design and regulatory policy development. His work has included
direct consulung suppon to regulatory comussions m the U.S., Canada. Chma and the
Philppines. as well as service b telecommunications users groups and competitive suppliers.
Mr. Lundqun has testified as an expen wimess On telecommunications matters i Alabama
Califorma Connecticut. Hawaii, Nevada. New Jersey, Ohio, Texas, and Washington state. He
has also assisted m the development of expen testimony submitted in over forty contested
regulatory proceedings in a dozen states and Canada.

Mr  Lundgust spent nine weeks N Beijing in 194 working in close association with
officals of the Chuna Mimswy of Posts and Telecommunications on a technical assistance
protect sponsored by the Asian Development Bank. Mr. Lundquist developed and conducted
several semunars for senior MPT offictals on inierconnection. tarifing and rate design for non-
basic semvices. and regulatory restructuning issues. Mr. Lundquist was also the Project Manager
io: ETI~ 1993.1994 engagement by the National Telecommunicadons Commission of the
Prubippines  In the course Of this assignment. Mr. Lundquist spent SIX months on-site n Manila
conaucting  several msttutional  strengthemng  actvities.  including  assistance N implementing.
new compeetinon and interconnection policies and staffraiung in regulalory methods.

Mro Lundguists receni work has focused on the mplementation of local service competition
puhcies and INETCOnNNEclUon arrangements between tncumbent local exchange camers (ILECs)
and new marker enmants. in these assignments. Mr. Lundquist has offered expen testimony on
behali of consumer advecates and new entants concermung ILEC cost studies for unbundled
network, clements (UNEs) o California. Hawaii. Ohio. Nevada, and New Jersey (1997-2001);
teshfied on behalf of new entants m Califorrua  arbitration proceedings concerning
interconnection costs and preing (1996, 1999 and analyzed ILECs' proposed local number
portabiiny (LNP | costs and prices in the FCC's LNP tnvestigation (1999).

Mro Lundqust has also continued to participate m cases mvolving other important
reutators 1ssues. including [ILEC merger proposals. rate design. alternative regulation plans, and
[LEC  applicauons  for mer-LATA services authonty under Section 271 of the federal
Telccommunications Aci Mr. Lundquist directed ETT's research effon to support the American
Association for Retred Person (AARP) studv of the impacts of the SBC/Pacific Telesis and Bell
Atlanue NYNEXN mergers (1999). and also contributed research and writing to ET7 testimony
and affidnat addressing the proposed Bell Atlamti/GTE merger (1999). In 1998, Mr.
Lundgus tesufied of behalf of the Texas Office of Public Utility Counsel in Southwestern Bell's




rate group reclassification case (1998). and co-managed ETI's consulting support to the Colorado
Office of Consumer Counsel m US West's alternative regulation case (1998). In 1999, Mr.
Lundquist provided consulting support to the staff of the Washington Uil and
Transportation Commission m a case mvohving US West's vellow pages operations and assisted
the Anzona Residenual Utlity Consumer Office in therr review of US West's application
concerning  Section 271 authority in Asizona. Most recently, Mr. Lundquist co-authored a
comprehensive report On ahematve regulation for US “West that was sponsored by the Utsh
Dwvision of Public Utilities, and testified m Alabama concerning BellSouth=s proposed rates and
costs for Operations Support Systems (OSS) interfaces.

Mr. Lundqust l#s formerly served as Senior Consultant, Consultant, Senior Analyst, and

Analvst at ET1. Prior to joining ETI, Mr. Lundquist performed computational and analytic work
for research effons m both the Division of Applied Science and Psychology Department at

Harvard University.

Major reporis and papers 0N telecommurucations authored by Mr. Lundquist include:

“Efficient Inter-Camer Compensation Mechanisms for the Emerging Competitve Environment”
twath Lee L. Selwvn). August 2001.

“Pnce Cap Plan for USWC: Establishing Appropriate Price and Service Quality Incentives in
Liah” rwith Pamcia D. Kravin and Susan M. Baldwin). Prepared for the Uteh Division of
Public Uulinzs, Mareh 2000.

“Hnngane Broadband to Rural Amernca: Investment and Innovation in the Wake of the Telecom
Aot watn Lee L Selwan and Scon A. Coleman,. Prepared for AT&T. September 1999.

“Prompes and Reales An Examunation of the Post-Merger Performance of the SBC/Pacific
Teiests anc hell Atlanuc/NYNEX Comparues™ (with Scon A. Coleman). Prepared for the
AARD Public Pohey Insunane, July 1999.

“Report on the RRD Investigation Of Foreign Currency Adjustnent Mechanisms™.  Prepared for
in: Pruitppines Nauonal Telecommurucations Commussion. August 1994.

“NManua o: Procedures for the Rates Regulation Division™ (with Paul S. Keller). Prepared for
the Proippines Nauonal TelecommurucationsCommission, August 1994,

“iceess Charges Implementation Strategy and  Action Plan™ (with the NTC Access Charges
Fuscarch Groupl Prepared for the Phibippines National Telecommunications Commission, July

gl

“RRID Operanons Review™ (with Daniel Espitia G.).  Prepared for the Philippines National
7 stecommurucations Commussion, July 1994



“Review Of Annual Reporting Requuements for Telecommunications Common Carriers.”
Prepared for the Philippines National Telecommunications Comrmission, October 1993.

“The Infrasmucture Dilemma: Matching Market Realines and Policy Goals'™ (with WP
Montgomerv). Prepared for the International Communications Associalaan Januany 1993

'A Roadmap to the Information Age: Defming a' Ratonal Telecommumicanons Plan for
Connecticut' (with Susan M. Baldwin et al). Prepared for the Connecticut Office of Consumer

Counsel. October 1992.

*New Connections for the 1990s: Managing the Changing Relationship Between Corporate
Telecommurucations ke d s and the Local Telephone Company” (with W . Page Montgomery).
Prepared for the International Communications Association, April 1990.

“Adapting Telecom Regulation to Industry Change™ (with Dr. Lee L. Selwyn). Prepared for the
International Commumications Association and published m IEEE Communications Magazine,

January 19809.

“A Study of Rate of Return Regulanon and Altemanves - An Examination of Applicability to
regulanon of Telephore Companies by the Canadian Radio-Television and Telecommunications
Commussion” (with W. Page Montgomery and Lee L. Selwyn). Prepared for the Canadian
Radio-Television and TelecommurucationsCommission March 1989.

“Telecommurucavons  Competition m Michigan and  Regulatory Altermnatves: Market Structure
and Competion M the Michugan Telecommurucations Industrv” (uithLee L. Selwyn. David N.
Townsend. Pameia D.Kravun).  Prepared for the Michigan Divestirure Research Fund Board.
AP TYRN
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“Verizon introduces Voice Transmission Over Packet
Switching Provided by Nortel Networks,”
Verizon News Release, July 2, 2002

o TR M e B



Verizon Introduces Voice Transmission Over Packet Switching Provided by Nonel Networks Page 1 of 3

\‘/’ VeerQﬂ : Products & Services Customer Support About Verizon
@ Contact us
Already registered for
customzed news dehivery
2 < News Release Please sign m
*.: dEar
[keywore ©  Verizon Introduges Voice Transmission Over Packet Switching emar
Advanced Search Provided by Norta! Networks
initial Depjoyment Enhances Reﬁab{lﬁy and Capacity ForCustomers password
i / N rk Tor Advanced Services
News Center Marn Page While Posirioning Verizon Network for nce [—'—— 3 Go
News Archive July 2, 2002
Media Contacts Media contact:
Mark Marcnand. Vernon. 518-396-1080
Press Kns Carrie McGranahan. Nonel Networks. 212-3174252

Public Policy Issues NEW YORK ~ Vernon (NYSE* VZ) has introduced packet switching to

‘transmit voice phone calls with the successhsl depioyment of Nortel
Networks' (NYSE/TSX: NT)packet-switching equipment in large Vernon
switching centers in New Jersey and Flonda

Key Executives

Image Gallery

The move is pan of Vernon's overalleffort to deploy the industry's most
advanced technology inits nationwide network, continually improving
service ana positioningthe company's network to gtovide integrated voice
and aata services

The deployments —~ Verizon's first Step toward widespread deployment of
packetl-swilching tecnnology in its voice nemwork — representthe largest
application of packei-switchung tecnnology for voice transmission by a
local exchange Carrier in North America Thus far. tne New Jersey packet-
switcning aeptovment has successfuly compieted over 18 million voice
cnone calis

Tne deployments gesigned to evaluate the reliability of packet
tecnnology. pave tne way for the expanded use of packet-switching
teznneiogy for future voice transmission needs The lecnnology is
aesigned to provige Venzon with faster call routing. greatly expanded
network capacity and tne abiity to deliver new services. wrile enabling a
seamless trans:tian for Verizon customers

Trus use of tne packet-switchingtecnnology to carry voice calls is known
as voice trunking over ATM switches OF VToA ATM stands for
Asynchrenpous Transfer Mode a high performance. cell-oriented switching
ann multiplexingtecnnology historicaliy used for aata applications

“Packet-switching technology will enable Verizon to provide customers
witn all the nighquality services tney nave today. and realize efficiencies
wnich go not exist intogay s circuil-swittning ennronment ” said Phil
narrington Verizon'sVToA program manager "It is very importantio us
tnat trus network transition be aoselutely seamlesste our customers and
tnat it enable the getivery of mission-critical services with very high
relatity We're als® planningto ¢epioy this technology at a number OF
new locations over tne nen 18 months ™"

“Wih this geployment Verizon is in an excellent position t¢ efficiently
accommodate growth ana build the foundation tor me delivery of new
voICE data ang vigeo services in the future “ said UE Spradley. president
voice over Internet Protocol{velF) for Nonel Networks “"Nortet Networks
s 1N @ umoue posion to effecuvely enable this migration because dF our
getaied ungerstanding of network design ana service delivery. our selid
cireuit-1o-packe! migration strategy. and our comprehensive voice over [P
portfoirc

Parcket swiiching permits groups of messaaes — voce or data — from
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many diffarent sources 1o snare Me same communications line, resulting
in more efficzent use of existing transmission capasity and knes, This
provides a significant advantage over cireuit switching —the

used intelecommunications networks today ~ which USES
communications lines mat are dedicated to the same source and
destinati®n. Another advantage of Packet switching over creuit switching
is mat it more readily lends itself to a distributed network. which 1Sa more
survivable network infrastructure in me event of damage to the network

Dunng the initiat Vernzon VToA deployment, voice calls are Being
transmitted through major regional tal- and data-switchmng centers known
as tandems The twe Vernon tandems are located m Newark. N.J.. and
Tampa. Fla

Tne two switching centers usea pregucts from Nortel Networks Voif
portfolio including Me Succession® Communicaten Server 2000
softswitches Succession Multi-service Gateway 4000 and Passport”
15000Muttiservice Switches for ATM transport

VToA technology also offers me potential for a cost-effective way to
migrateto a Voice over IP platform irthe market and future technology
justify that move at some time in me future

Venzon Communicabons (NYSE VZ) is one of Me world's leading
provigers of communications services Vernon is the largest phone
company inthe United Stales and the natron's largest wireless company
with 1338 millionaccess tine equivalents and approximately 29.6 million
wireless customers Venzon is also the largestdirectory publisherin the
word With more than S67 bilion in annual revenues and nearly 248.000
employees Vernons giebal presence extends to more than 40 countries
in the Amencas Europe Asia and the Pacific For more information on
Verizon Visit AMp /iwww verizon com/

R

Nonel Networks 1s an ingustry ieager and innovator focused on
transforming now tne world communicates ana excnanges information
Tne company 1s supplying its service provider and enterprise customers
witn communications tecnnology ana tnfrastructure to enable value-added
IP aata voice ang muitimeaiz services soanning Metro Networks

Wireiess Networks and Optical Long Haul Networks As a global

company NonelNetworks goes business in more than 150 countnes
More informationabaut Nonel Networks can Be found on me Web at
www NOMEINetworks com

*Nonel Networks Succession and Passpon are tragemarks of Nonel
Networks

Cenain information mnciuged n this Dress release is forward-lookingandis

subject 1o important nsks ana uncertamnties The results or events

precicted in hese statements may differ matenaify from actualresults or
events Factors which could cause results or events to diner frem current
expectations include among otner things the seventy and duration Of the
incustry adiustmen! the sufficiency of our restructuning actvihes, including
me potentialfor higfrer actualcosts to be rncurredin connection with
restructunng actions comparedto the estimatedcosts 0f such actions,
fluctuations in ooerafingresults and generalindustry. gzonomic and
market conditions ang growth rates, the abrlrty to recruitand retain
quahfied employees fluctuations in cash flow. the level of outstanding
gebt and debt ratings the ability to meetfingncia! covenants contaned in

our cred! agreements'the ability to make acquisittons and/or integrate the %
operations and technologies 0f acquired businesses in an effective ;f
manner the impact of rap:d technological and markal change; the impact -

of price ana proguct competition mntemational growth and giobal economic
congitions parucularly in emerging markets and includingtnterest rare and
currency exchange rate fluctuations: the impact of rationalization i the
telecommunications industry the dependence on new product
vevelopmen tne uncertainties of tne Internet: the impact O the pregit
nsks of our customers and the impact of mereased provisron of customer
financing and commitments. stock market volatility: the entrance into en
meregsed number of SuDply turnkey an autsoureing contrante whirh
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containdelivery installation. and performance provisions, which, if no!
met. could resutt in the payment Of substantial pensities or iquigated
damages; the ability to obtam timely. adequate and reasonsably priced
component parts from suppliers and internal manufacturing capacity; the
future success of OUr strategic alliances: 8nd me adverse resoiution Of
litigation. For additionai information with raspect to certain of these and
other factors See me raports filed by Nortal Networks with Me United
States Sewnties and Exchange Commission. Unless ctherwise required
by applicable securties laws. Norte! Networks disclaims any intention or
obligation to update or revise any forward-looking statements. whetner as
a result of new information. future events or otherwise.

Coovnignt 2022 verizon Privacy Foucy * Sie Map | Home
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“The Triumph of the Light”
Scientific American

January 2001



by Gary Sux, staff writer
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aror’ crarim o 2 phone connecuon. Fiber links can channel
hundreas o thousands of tmes the bandwidrh of microwave
rransmrrars oo Sateliites, @ ncarcsr compcrirors ior long-dis-
tancc communiations. As one wag pointed out. rhe oniv orher
teonmoners 1ot comes close to marching this delivern: capaciny
: fen ot videos
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parco with 51.5 biliion ior all of 1999,
although this pace mav have slowed in
recent montns. TNe success of a stock
like component supplier JDS Uniphase
STeMmis 1 part from e percepuan that
113 eage I mtegrated pnoronics could
make I the NEXr inre;

Investmen: 1n optical communica-
nons aiready yields pavofts, if fiber op-
115 1s matched against convennonal elec-
trorucs. The cost of rransmuruing a bit of
informanon opticaliv halves every mine
montn.. as agamns: 1b months to achieve
the same cost reduction 0] an integrat-
ed circust (the jafTer metric is famous as
Moore's law, ""Because or dramatic ad-
vances in tne capacin and ubiguity of
pher-optic svstem:  and  subsystems.
bandwidth will pecome roo cheap to
meter.” predicts A. Arun Sctravali, pres-
1gent of Lucent Technologies's Bel} Lab-
oratories i 3 reien: issue of Bell Labs
Techrmcal fonrna!

ldennica torecasts about a free re-
source eventuais came to haunt the
nuclear powsr incustn And rhe future
or proadpanc nerworkimg. in Which a
ruli-ienge rature nim would he rrans-
mittes 3¢ readilt 3s 3N e-mail message,
v shilomer sty Pen A decade apo tele
commenicanons rrosiaers and media
OIS w1l nrepanng tor rhe dig-

; ThuTnt o0 ontertainmen: and
nungred fnannels

Voo ermiana M oreosull wainng

ernment and schoolkids. has transmut-
ed into the nenwork that are the world.
E-mails and Web sites have rriurnphed
over Mel Gibson and Cary Grait.

And Then There Was Light

'*a - rospects of limitless bandwidth—

£ the basis for speculations about ner-
Worked virwal reality and high-defini-
tion videos—arc of relatively recent vin.
tage. AT&T and GTE deployed the frst
optical fibers in the commercial commu-
mcations nerwork in 1977, during the
hevday of the minicomputer and the in-
taney of the personal computer. A fiber
consists of a glass core and a surrounding
layer called the cladding. The cors and
cladding havc earefully chosen indices of
refraction (a measure of the material's
ability to bend light by ¢certain amounts)
to ensure thar the photons propaganng
in the core arc always reflected at the ir-
terface of the cladding. The only way the
light can enter and escape is through the
ends of the fiber. To understand the
phvsics behind how a fiber works. imag-
ine looking into a still pooi of water. I
vou look straight down, vou see the bor-
torn. At viewing angles close 1o the water,
all that is percerved is reflected light. A
transmitter—esther @ lipht-emitung dir

odr or 3 laser—sznds electronic data
tnat have been converred to photons

over the fiber ar a wavelength of be-
i i itternst ongs viewed a5 rween 1.200 and 1,600 nanometers.
e SZTAINON TOT TRE ROAS Today some hbers arc pure enough
MULTIPLEXER

that a light signat can travel rer abour
80 kilometers without the need for am-
plification. BUI at some point the signal
still needs to be boosted. The next sig-
nificant step on rhc road 10 the 2/l-opi-
cal nenwork came in the sarlv 19905, 3
time when the technrology made ar-

rounding advances. It was then rha~

electronics tor amplifving signals were
replaced by stretches of fiber intused
with ions o the rare-earth element er-
bium. When these erbium- doped fibers
were zapped by a pump laser. the excit-
ed ions could revive a tading signal. The
amplifiers became much more than
plumbing Axtures for lighr pipes. They
restore a signal without any optical-ta-
electronic conversion and can do so for
very high speed signals sending tens of
gigabits a second. Perhaps most impor-
tant, however. they can boost the power
of many wavelengths simultaneously.
This abilin: to channel multiple wave-
lengths enabled the development of a
technology that has helped drive the
frenzy oF activiry foroptical-nerworking
companies in the financial markets.
Once vou can boosr the strength of rmul
tiple wavelengths, the next thing vou
want to d 0is jam as manv wavelengths
as possible down a fiber. with a wave-
tengeh carrying as much dara as possi-
hic. The technology thar does this has a

name—dense wavelength division .mull-

tiplexing (DWDM —that is a paragon
ot rechnospeak.
DWDN set off a handwidrh explo-

OPTICAL AMPLIFIER

<22+ & will combine. amplify. switch and restore optical signals without convening

tnem to an electromc transmission for processing. A dense wavelength division multiplexer (DWDM)

wil! take differentwavelengths of light and place them on a single fiber connemon. An optical ampli-
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sior.. With the muitipiexing technoiogy,
the capacity oi the hber expands by the
number of wavelengths. cach of which
can carr more dara rhan could be han-
died previously bv a single fiber, Now -
Gave =135 DUSsiDie to SCNC 160 frequen-
cies simuitaneousis. supplving a totai
bandwidrn or 400 pigadits a second over
3 hoer. Ever Maior relecommunications
carrier has dzpioved DWDM, expand-
ing rnc capaoin of rhe Aber that is in
the ground and spending what could be
less than nzli o7 whnat 1t would cost to
lav new cabiz, whie tne equIDMent gets
instalied in a rracuion of rhe time 1t
takes to dig a hole.

In rhe laborator. meanwhile, experi-
ments poInt toward USing much of the
capaoiny ot fiber—dozens of individual
wavelengths. cach modulated at 40 giga-
bits Or more a second. tor effective trans-
mussion rare or a rew terabits a second.
(Lne compan. Enxido, has already de-
pinved commerciai Iinks containing <40-
gigabir-a-second wavelengths.) The en-
porgement of fiper capaniny will nor stop
anvnime soon anc could reach as high as
30t or Sun reranits a second-—and, with
nEW [ECRNICA, aCvanies, perhaps exceed

Too coeosrmmunisanons neraork
oot onsist o7 INKS that ue
w202 Proynt B—switches
sne dutal tlow 1o ats

woomoanuate lanoraton
TR w0 - e BEDDSreams

—
OPTICAL e
SWITCHES !

arcroured using conventional electronic
switches. Doing 5o would require a
multiterabit signal tc be convened into
dozens OF hundreds Of lower-speed elec-
tronic signals. Finally. switched signals
would hare to be reconvened toc pho
tons and reaggregated into light chan-
nels that are then sent our through a
designated output fiber.

The cost and complexiry o electronic
switching have prompted a mad seram-
ble to And a means of redirecting either
individual waveiengths or the ennre light
signal in a Aiber from one pathway ro an-
other without the optoelectronic conver-
sion. Research teams. often inhabiting
anv start-ups. fiddle with microscopic
mirrors. liquid crvstals and fan lasers to
v to devise all-optical switches [see
“The Rise ot Optical Switching,” on
page 88].

All-optical switching, however. will
difier in iundamcntal ways from existing
networks that switch individual chunks
of data bits. such as IP (Intemnet Proto-
coli packers. Ir is an easy task for the
electronics in routers or targe-scale tele-
phone switches to read on a packer the
address thar denotes its destination. Pho
ionic processors. which arc at about the
same stage o1 gevelopment thar electron:
1ics was in th, 19605, have demonstrated
the abiiin to read 3 packei oniv in labo-
ratory cxpcnmcms

Optical swatzhes heading to rhe mar-
kerpiace nark back to earirer generations
ol eiectrom: equipment. Thew will switch

OPTICAL SIGNAL REGENERATION

a Sreuic—a wavelength or an ennre
fiber~from one pathway to another.
leaving the data-carrving packets in a sig-
nal unrouched. An ¢lestronic signal will
setthe switch in the right positionso that
ir directs an tneoming fiber—or wave-
lengths within that Aber—to a gven our-
put fiber. Butnone of the waveiengrhs will
be converred m elevtrons ior processing.

Optical circuit switching may be only
an interim step, however. As nenvorks
ger taster. communications companies
may demand nha: could become the
erowning touch tor all-optical nerwork-
ing, the switching of individual packets
using optical processors [see “Rouring
Packets with Light.” on pap %§|.

With the advent oi optical packer
switching, individual packets will still
need to get read and routed at the edges
o optical networks—on local phone
networks near the points where they
arc sent or received. For the moment,
that task will still fall to electronic
routers fran companies such as Cisco
Svstemns, Even so, the evolution of opti-
cal networking will promote changes in
the way networks are designed. Optical
switching may eventually make obso-
lete existing lighrwave technologies
bared on the ubiquitous SONET {$vn-
chronous Optical Nerwork) communi-
cations standard. which relies on elec-
tronics for conversion and processing of
individual packets. And this mav proceed
in tandern with the gradual withering
away d Asvnchronous Transfer Mode

— ——— e ——
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DEMULTIPLEXER

net will Doget the signats. An aphcal switeh will route differentwavelengths, and an amplifierthat R-

nenerate, 2 signar will restore the nming and shape of the ukesjp the signal nefare @ demultiplexer
«:Z2aten eal’ waverengtn and sengs teleonone calk computer filesor video to their recipisnts.
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SONZT RINGS <
SONST MULTIPLEXER

" LONG DISTANCE

T St T 7T D matntarn MOStly separate electronic conneshons for voice
anc gats anc atmeve reliability using nngs based on rhe Synchronous Optical Network
(SONETI commumicanons standard: iONE link is cut. traffic flows down the other half of the
nng Tre SORDT mutnpiexer agoregares traffic ente the nng.

OPTICAL SWIT(~

wiit cnannet all traffic over the same fiber connemon and will pro-

- by .3 ~tnese intearaten NEtworks.

L .oAnofnet Phonr COMpany stan-
DoT DACKATINC MIOrmanoen
Cinisopew worla, any rvpe of tratne,
v oiL video o @ats. mav rrav-
. A gevelopment herald-
Co O nEdOMMUnICations K7 3t ieast
~—!nT Uil INERration of voice.
videee and @ata services—wall pe com-
rootn TS gome o beoa @ata nerwork.
TLUTVINUIND vt WRCIRET 1T vOICE

0] radeeis

- oaTar

a2, e:~-; e Internets Mesh of interlocking pathways: when a line break.
- zam nowe soe- severar alternanng pathways. Opnicat swatcning will become rhe foun-

or videw. will be applicasions rraveling
over that data nerwork,” says Robert
W Lucky. a longrime observer of the
telecommunications scene and director
o! rescarch ror rhe technology develop
rncnr arm Telcordia.

When you ring hornc on Mother's
Day, rhe call mav get transmitted as [P
packers thar rnovec on a Gigabit Ether-
net. 3 rnadc-tor-rhc-superhighway ver-

sion of the ubiquirous local-area net-
work (LAN). Gigabit Ethermet would in
rurn ride on wavelength-multiplexed
fiber. Crities of this approach question
whether such a nernwork would providc
ATM and SONET s qualin: of service
and their abilitv to reroute connections
automaticaliv when 3 fiber link s cur.

Lite would be simpler, though. The
phone network would becorne 1ust one
big LAN. You could simply ster an Eth-
erneta r d inroa computer. telephone or
television. a tar cheaper and less time-
consuming solurion than installing new
SONET hardware connections. Some
companies arc even now preparing ior
the day when IP reigns. Level 3 Com-
munications. a carrier based in Denver.
has laid an international fiber network
stretching more rhan 20.000 miles in
both the U.S. and overseas. Although
the nerwork still relics on SONET, CEO
James Q. Crowe foresees a day when
these costly legacies of the voice net-
work will wither into nothingness. *1t
will be IP over Ethernet over optics,"
Crowe savs,

Home Light Pipes

™= ven ii nenvork engineers can pare
- down the stack oi protocols that
weighs heavy on todav's network. they
must sti) contend with rhc need to ad-
dress the “last mile™ problem, getting
fiber trom rhc curbsidc utilin box into
rhe TV room and home office. Some
builders now lay our new housing proj-
ects with fiber, presaging the day when
households rounnely get their own wave-
length connecrion. But cost still hangs
over znv discussion of fiber to the home.
Until recently, advanced optical-nerwork-
ing equipment. such as DWDM, was too
expensive to consider for deployment
on regional phone networks. Extending
the equipment into a wall panel of a
splir level —at perhaps $1,500 a line—
still costs more rhan all bur a few are
willing to pay. Most people have yet to
rake detivery of their first megabit con-
nection. So it remains unclear when the
time will come when the average house-
hold will need the gigabits to project
themselves holographically into a neigh-
bor's house rather than just picking up
rhe phone.

Dousing ""Help me. Obi-Wan Kenobi"
fantasies, engineers are Confronting an
array o nenlesome technical problems
before a seamless ali-optical network
can become commonplace. Take one ex-
ample: even with lightwave switching in
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Supply and Demand Forecasts for
US. Fiber-Optic Backbone Capacity

FUTURE BANDWIDTH REQUIREMENTS

3-D holography/telapresence

Backbone Bandwith
(terabits per second)

30.000 to 70.000

100~ o -
Transmission Applications
T 80— Capacity
=
b
["a] 6(_\-
& -
= Peak Demand AT
£ : oDt
K £ T
0. i ; I § Wab agents
1065 2007 2007 2002 2003 2004 3
Year 1 terabit = 1 trillion bits

__ . . .- for oprical-Rber backbones—the most heavily used
jinks —emerges tn a StUdy by consultant Adventis that shows that
supply will overmaten demand. Yzt new applicationssuch as virtual

place. one critical pant of the network re-
quires conversion to clectronics. Abour
everv 180 kiilometers. a wavelengrh has
to) be converted back to an electromic sig-
nal to restore tne shape and nmng of in-
dividuai puises within the vast tram of
bits thar oczupy each ughtwave.
Equipmer: suppiers also struggle
mights with erectronics envy. Compo-
nen: surnhers suzn as JDS Uniphase la-
P on metneds o build modules that
comriny 13w, nner and granngs (which
:n, Building photon-
rodite remams ditnzuit
cnares. 35 the nega-
& marteies calied eiectrons
: sUdm INING 35 3 charge-
Vil d DROLOMNI Japaditorn that
croangenniels tne photons that
represenl 2eros and ones. Moreover s
diticus 1 PulS PROIORIC CITCUITN as
SMal 1. iironL. Inteprated circunts.
recauss tne waversngin of intrared hght
LSO (T NPeT-oR, jasers 1s apout 1.5 m-
eron.. wniir ey imits on how small
.+ componen:, Eiectramic
dimension more

Proseer aovo

LR R RO P T
wiTe Trdunod Tha

ThanL O Oraddr ads

L AT.D L 2Ty Do ITYINE O soive
mromen L0 g sienal resturanon, and

tmat venomics now holds and
s ofor il nas become an ex-
T CT G Rew, nvperventaung mod-

voreseanyn Tins development houses
DrulTod Uni tnes Can turnish some
TrootInat tnes can make pood on their

Tromisy., and then tnev are bought out
s Nores, Cisdo or Lucens
“lienraze worid T osavs Alastair ML
Cois L oredtor of pnotemss 3t Lucen:.
TALOn AN goooul witn tne aumbest

ideas and get iunding for them, and
mavbe they'll be bought for big bucks.
And thev've never made a product.”
Glass adds. "This has never happened
in the pasr. Pan of ir is because compa-
nies need people. so thev're buving the
people. Bur other times thev're buving
the rechnology because theyv dn™r have
it in rhe house, and sometimes they
don't Know what they're buving.”
From idea to deveiopment happens fast:
3 1998 paper in Science abour a “pes-
tecs MIrr0L" a dielectric unsulaung)
matenial thar reflects ighr at anyv angle
with hittle joss or energy, inspired rhr
tounding o a company that wishes to
crezte 3 holiow Rber whose circumier-
ence 1¢ hined with the reflector. The
fibers mav increase czpacitv 1.000-fold,
cne company ofncial claims.

Will Anybody Come?

'ig'gf har can hc done with ail this
% bandwidth? Lucent estimates rhar
if the growth of nerworks continues ar
its current pace, the world will havc
enough digital capacine by 2010 1o give
ever man. woman and child. whether
in S2n |ose or r1 Lanka. 3 100-megabit-
a-second connectnion. That's enough ior
dozens of video connections Of several
high-dcnnirion tetesision programs. Bur
docs cach 'Kung tribesman in the Kala-
hars Desert reslly need o download
muluple copies of The Gods Must Be
Crazv?

Despite estimates of Interner traffic
doubling even tew monrhs. some in-
dusrn watchers are nNOr so sure about
infinircdemand for infinite bandwidth.
Adventis. a Bosron-based consultancy,
toresees oniv 13 to 20 percent of home
Internet users obtaining broadband ac-

reality and metacamputing could require huge increments in optical
bandwidth above the few terabits per second currently needed to
satisfy demand on U.5. communications backbones,

cess—either cable modems ar digieal
subscriber lines—by 2004. Moreoves,
storing frequently accessed Web pages
on a server will reduce the burden on
the network. In the U.5., according to
the fim’s estimate. nearly 40 percent of
existing fiber capaesny will go unused in
2004, whereas in Europe almast 65 per-
cent Will stay dormant. The notion of a
capaciry glut 1s by no means a consen-
sus view. however.

In the end. terabit Or petabit nerwork.
ing will probably emerge only once sSome
as vet unforeseen use for the bandwidth
reveals itself, Like the World Wide Web,
originally a project to help particle physi-
cists more easily share information, it
may arrive on a tangent, not fram a big
media company’s focused arempz to re-
package networked virtua! realiry. Vin-
od Khosla. a venture capitalist with
Kleiner Perkins Caufield & Byers, talks
o the promise of projects that pool te-
gether computers that may be either side
hy side or distributed across the globe.
Metacomputing can download Britney
Spears and Fatboy Slim, or it can comb
through radio telescope data in search
o extraterrastrial life. Khosla szes im-
mense benefit in using this model of
networked computing for business, y-
ing together machines to work on, say,
the computational fluid dynamics of a
1.000-passenger jumbojet.

So efforts to pick through the radio
emissions from billions and billions of
galaxies may yield useful clues about
what on tarth to do with a nmvork
pulsing a quadrillion bits a second. B

Funtti Nt orvanion

See www hightreading.com for a wealth of
coverage ON new technologies and on
companies involved in optical netwarking.
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